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PREFACE 


This  report  expands  on  a  paper  given  to  the  TTCP  WTP-1  meeting  chaired 
by  Rodney  T.  Schmitke  held  at  the  Defence  Research  Establishment  Suf field, 
Alberta,  Canada,  13-14  March  1984.  The  problem  of  mine  clearance  in 
friendly  areas  was  the  subject  of  a  brainstorming  meeting  conducted  by  Ray 
Thorkildson  held  at  Aberdeen  Proving  Ground,  Maryland,  August  1983.  Ideas 
put  forth  then  were  improved  for  the  later  meeting.  The  consensus  became 
that  the  JUGFAE  concept  was  the  best  choice  out  of  current  capabilities. 

The  essential  element  of  the  concept,  a  plastic  jug,  appeared  years  before 
at  Naval  Weapons  Center,  China  Lake,  California,  with  Linden  Perkins  and 
others  .  A  third  meeting  at  DRES  in  July  1984  planned  field  trials  to 
assess  FAE’s  mineclearing  capability  and  to  demonstrate  the  JUGFAE  concept. 
Those  field  trials  took  place  at  Suf field  in  Fall  1984. 
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THE  JUGFAE  CONCEPT 


1 .  INTRODUCTION 

Jug-contained  fuel-air  explosive  (JUGFAE)  is  a  process  for  using 
fuel-air  explosions  for  neutralizing  land  mines  in  areas  that  are  not  being 
contested.  After  a  conflict,  land  mines  can  be  cleared  without  danger  from 
hostile  fire  but  they  still  present  inherent  danger  to  the  clearance  party. 
This  report  describes  how  to  proceed  to  clear  large  secure  areas  by  a 
relatively  safe  method. 

The  prior  art  of  clearing  minefields  after  hostilities  have  ceased 
emphasizes  detection.  Mines  are  found  one-by-one,  as  men  cautiously  probe 
the  earth  in  their  path  or  use  metal  or  visual  detection,  and  then  either 

disarm  the  mine  or  detonate  it  in  place. ^  The  prior  art  is  slow, 
incomplete  and  dangerous. 

The  new  process  precludes  entering  a  minefield  and  allows  the  clearing 
operation  to  proceed  from  safe  ground  on  the  edge  of  the  field,  then  move 
row-by-row  forward  into  uncleared  ground.  The  new  process  does  not  miss 
any  ground  as  can  easily  happen  with  probes  and  sweeps.  Also,  after 
weathering  and  vegetation  growth,  mines  cannot  be  visually  detected.  The 
new  process  does  not  involve  looking  for  mines.  The  required  fuel-air 
devices  can  be  built  quickly  by  moderately-skilled  workers.  The  devices 
are  fueled  on— site  and  are  not  explosive  until  just  before  use,  which  makes 
handling  a  matter  of  normal  fire  precaution. 

The  major  effort  in  minefield  clearances  in  the  past  has  been 
development  of  techniques  to  cross  a  defended  minefield,  the  so-called 
assault  breach.  The  entire  emphasis  is  on  speedily  cutting  a  safe  lane 
through  the  field.  The  process  described  in  this  report  is  not  intended 
for  use  in  that  role  and  is  not  compared  to  those  techniques. 

This  report  is  mostly  an  analysis  to  show  the  JUGFAE  concept  is  valid 
in  principle.  There  is  enough  technical  detail  of  operations  to  convince 
readers  that  the  concept  is  workable;  but  the  report  does  not  try  to  be 
rigorous  in  application  technique.  The  practical  details  will  be  found  by 
field  experience. 

2 .  GENERAL  PROCEDURE 

2.1  Central  Idea.  The  central  idea  of  the  JUGFAE  process  is  one 
detonation  of  simultaneously  formed,  overlapped  fuel— air  clouds  to 
neutralize  mines  beneath  the  long  cloud. 

^•2  Operations .  This  process  uses  tested  elements  to  form  a  practical 
method  of  neutralizing  land  mines  in  secure  areas.  It  is  the  method  of 
employment  and  not  the  essential  element  which  is  the  emphasis  of  this 
report.  The  essential  element  is  a  research  device  in  the  public  domain 
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that  is  used  for  creating  fuel-air  explosions.  It  is  a  plastic  jug  holding 
a  chemical  liquid,  e.g.,  propylene  oxide,  which  is  explosively  disseminated 
in  air,  forming  an  aerosol  cloud  of  fuel  in  air.  The  aerosol  is,  a  short 
selected  time  later,  detonated  by  a  separate,  small  explosive  charge 
pre-emplaced  to  be  within  the  cloud.  By  itself,  at  any  size,  the  jug  gives 
too  small  a  cloud  to  be  useful  for  the  said  purpose  of  this  process. 

To  form  a  novel  and  practical  process  for  clearing  land  mines,  the  jug 
is  multiplied,  hung,  wired,  and  spaced  according  to  this  report.  The 
process  is  depicted  in  Figure  1.  A  crane  puts  the  jugs  in  a  row,  parallel 
and  inside  the  edge  of  the  minefield.  The  jugs  are  spaced  so  that  an 
individual  cloud  will  partly  overlap  its  neighbors1  cloud.  An  armed  charge 
is  emplaced  by  the  crane  at  the  end  of  the  row.  The  explosion  of  the 
charge  will  create  a  detonation  wave  that  will  carry  through  the  whole  long 
cloud.  The  detonation  wave  creates  an  overpressure  on  the  ground  that  can 
set  off  or  render  inoperative  many  types  of  land  mines.  The  dimensions  of 
the  cleared  ground  are  visually  evident.  One  part  of  the  practicality  of 
the  process  is  that  simultaneous  detonation  saves  the  time  involved  in 
proceeding  singly.  That  time  is  in  hooking  up  firing  lines,  withdrawing, 
firing,  returning  and  inspecting,  and  repeating.  The  time  saved  by  the 
process  can  be  estimated.  In  an  actual  day,  four  instrumented  fuel-air 
tests  were  separately  conducted  at  BRL.  Likely  five  could  have  been 
accommodated  in  an  8-hour  day.  However,  with  the  process,  it  is  supposed 
that  five  jugs  could  be  laid  out  and  fired  in  two  hours.  That  makes  20  jags 
a  BRL  day,  a  process  gain  of  four  times. 

The  procedure  is  now  outlined.  Commercial  plastic  jugs  are  scored  with 
a  hot  soldering  iron  in  order  that  the  wall  will  break  in  a  controlled 
fashion.  Jugs  are  filled  with  propylene  oxide  and  recapped.  At  the  site 
the  cap  is  exchanged  for  one  holding  a  central  burster  tube.  The  tube  is 
permanently  sealed  at  bottom  and  contains  plastic,  stick,  or  cord  explosive 
up  to  the  neck  of  the  jug  and  a  blasting  cap.  The  fuel  to  burster  weight 
is  most  often  made  100  to  1.  The  blasting  cap  wires  come  out  of  the  tube 
through  a  putty-like  duct  packing  which  seals  the  top  of  the  burster  tube. 
The  seal  holds  back  the  hot  detonation  gases  which  would  burn  the  forming 
fuel-air  cloud.  Once  the  jug  caps  are  exchanged,  the  explosive  handler 
splices  a  long  length  of  twisted  pair  to  the  blasting  cap  wires  and  to  the 
disposable  section,  also  twisted  pair,  of  the  electric  firing  line.  The 
spliced  section  gives  enough  slack  to  permit  the  jug  to  be  swung  a  good 
distance  into  the  minefield.  The  jug  firing  line  leads  back  to  a  grounded, 
locked  transfer  box.  A  heavy  fixed  electric  cord  leads  from  the  box  to  the 
power  supply  in  the  firing  trailer. 

The  jug  is  next  put  into  a  stand  which  will  hold  it  at  a  height-of- 
burst  such  that  the  bottom  of  the  cloud  will  brush  the  ground.  For  this  to 
occur,  the  bottom  of  the  jug  is  favorably  1.0  m  above  the  ground.  Fuel  loss 
into  the  ground  is  minimized  and  highest  impulse  on  the  mines  is  thus 
obtained.  A  suitable  stand  is  a  larger  copy  of  the  wire  tripod  that  is 
used  by  florists  to  hold  funeral  wreaths.  The  neck  of  the  jug  is  wired  to 
the  top  of  the  tripod,  causing  the  jug  to  dangle  erect  inside  the  framework 
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regardless  of  the  ground  unevenness.  A  modification  at  the  top  of  the 
stand,  such  as  an  S-hook  or  a  bar  across  two  legs,  will  allow  a  crane  hook 
to  lift  the  jug  out  onto  the  minefield  and  let  the  hook  slip  out  when  the 
stand  is  put  down.  The  next  jug  is  prepared  and  it  is  lifted  out.  The 
spacing  between  jugs  should  be  0.88  of  the  expected  diameter  of  a  cloud  to 
ensure  cloud  overlap.  The  overlap  is  needed  as  the  detonation  wave  cannot 
proceed  through  plain  air. 

The  jug  size  should  be  the  largest  commercially  available,  55  liters. 
Filled  it  is  50  kg  or  the  most  that  one  husky  man  can  hang  in  the  stand. 

The  slight  mass  means  that  the  crane  needs  nil  loading  capacity.  What  it 
should  have  is  rough  terrain  capability  and  a  long  boom.  The  boom  reach 
must  be  at  least  cloud  radius  R  for  laying  one  row,  3R  for  two  rows,  5R  for 
three  rows . 

When  the  planned  number  of  jugs  is  out,  the  cloud  detonator  is  put  out. 
Composition  C-4  (1/4  lb)  is  suitable  because  it  easily  molds  around  the 
blasting  cap  and  it  can  be  taped  to  a  wreath  stand  and  swung  out  to  the  end 
of  the  jug  line  at  about  1/2  radius  of  the  cloud.  The  C-4 1 s  blasting  cap 
is  connected  to  a  separate  firing  line,  whereas  all  jugs  are  in  parallel  on 
their  own  firing  line. 

The  crane  backs  off  and  people  withdraw  a  safe  distance  or  take  cover 
in  a  portable,  sound  deadened  bombproof.  The  firing  is  done  using  a 
sequence  timer  to  switch  voltage  to  the  jugs  and  then  the  C-4  detonator.  A 
delay  of  100-150  ms  will  give  a  large,  still-detonable  cloud.  A  video  tape 
recorder  and  television  camera  looking  broadside  to  the  cloud  line  should 
view  the  firing  to  verify  that  the  detonation  and  not  a  burn  has  taken 
place.  The  difference  is  easily  heard.  Also  inspection  of  the  ground  will 
give  quick  recognition  of  the  results. 

2.3  Cost 

The  cost  of  one  large  jug  is  broken  down  as: 


Jug: 


Large  Jug 


$30 


Fuel  (55  liters) 
Burster  Tube 


69 

1 

2 

1 

6 


Detonator 
Det  Cord 
Stand 


$109 


$109 


Cloud  Detonators:  C-4,  Detonator,  &  Stand 
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Labor:  Burster  Assfy  (10/day  @  $10/hr) 
Jug  Score  (30/day  @  $10/hr) 


8 

3 


$134 


3 


Fixed  Costs: 


Crane,  Low  Capacity,  Double  Telescoping  Boom 

Firing  Line 

Sequence  Timer 

Power  Supply 

TV  Camera  &  Recorder 

Trailer 

Generator,  8  kW 


$60K 

IK 

2K 

IK 

3K 

10K 

2K 


$79K 


Clearance  Party:  See  end  5.4. 

Project  Officer 
Project  Engineer 
Crane  Man 
Loader 
Mechanic 
Utility  Man 

(Ea  @  $6 OK /Man- Year)  $360K 


2 .4  Examples  of  Successful  and  Unsuccessful  Solutions  to  the  Problem. 
This  process  will  succeed  in  neutralizing  land  mines  that  are  susceptible 
to  fuel-air  explosives.  These  are  particularly  single-impulse  fuzed  mines, 
which  are  actuated  by  the  explosion’s  pressure/impulse,  but  also  include 
other-influence  fuzes  which  are  rendered  inoperative  by  the  explosion. 
Certain  fuzes,  such  as  anti-tank  shear  pin  types  and  anti-tank  long  impulse 
types  are  not  FAE  susceptible.  Fuzed  antipersonnel  mines  are  much  more 
susceptible  to  FAE  than  the  corresponding  anti-tank  fuze,  because  they 
actuate  at  much  lower  pressure.  Scatterable  mines  are  believed  to  be 
non-susceptible .  Whatever  their  resistance  to  FAE  may  be  is  moot  in  the 
process’s  application,  because  scatterable  mines  are  designed  to  self- 
destruct  a  day  or  so  after  deployment.  The  use  of  the  process  will  largely 
neutralize  an  area  and  will  make  a  mine  encounter  rare  enough  that  a 
finishing  cleanup  by  some  other  means,  outside  the  scope  of  this  process, 
is  then  feasible.  Since  hitting  a  mine  would  be  much  rarer  than  before  the 
FAE,  the  machinery  will  have  a  much  greater  time-between-failure .  It  may 
be  efficient  to  make  the  next  fuel-air  shot  at  the  end  of  the  line  or  on 
the  row  behind,  and  create  more  ground  for  the  proof  means.  The 
appropriate  proof  means  will  be  suggested  by  intelligence  of  what  mine 
types  were  laid.  Colonel  John  Hill,  Royal  Engineers,  speaking  at  DRES, 

13  March  1984,  stated  that  FAE  would  be  useful  even  if  it  could  not  clear 
every  kind  of  mine.  It  would  be  sufficient  to  clear  less  than  all  threats 
as  long  as  the  remaining  threat  was  known,  especially  if  the  proof  means 
was  parties  on  foot.  Colonel  Hill  wanted  the  FAE  to  neutralize  any  or  all 
of  three  levels  of  threats: 

-  All  trip  wires  and  booby  traps  neutralized. 

-  In  addition,  all  antipersonnel  mines  neutralized. 

-  In  addition,  all  anti-tank  mines  neutralized. 
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FIGURE  1.  Laying  in  a  line  of  jugs. 


The  process  success  is  not  especially  weather  or  terrain  dependent,  as 
long  as  the  crane  can  move.  Arduous  conditions  will  slow  the  setup  time  of 
a  row  of  jugs.  But  conditions  like  wind  or  cold  will  not  topple  the  jugs 
or  cause  a  non-detonation.  Marshy,  puddled,  slushy,  brushy,  or  stony 
ground  will  not  hurt  the  shock  effect,  and  in  fact  wetness,  but  not  snow, 
will  better  couple  the  airblast  to  the  ground.  However,  the  beneficial 
effect  of  adding  standing  water  either  from  rainfall  or  water  trucks  may  be 
slight.  The  depth  to  cause  sympathetic  detonation  in  a  standard  pattern 
minefield  is  one  to  two  feet,  or  deeper  than  can  be  created.  Dead  or  dry, 
but  not  living,  vegetation  may  catch  fire  from  an  FAE.  Minefield  clearing 
may  need  to  wait  for  wet  conditions. 

An  unsuccessful  solution  would  be  the  use  of  either  FAE  bombs  or 
warheads  taken  from  the  SLUFAE  system.  Both  bombs  and  warheads  are  too 
expensive  to  use  to  clear  large  areas;  the  warheads  were  intended  to  blow  a 
lane  for  the  assault  breach  of  minefields.  Both  have  accessories  such  as 
safe  and  arm  system,  and  cloud  detonators,  which  would  have  to  come  off. 

The  bombs  and  warheads  would  have  to  be  stripped  down  to  the  simplicity  of 
the  plastic  jug.  Also  the  metal  shards  of  the  casing  would  have  to  be 
picked  up  to  make  the  land  useful  again. 

Partial  failure  results  if  the  jug  spacing  is  too  wide  to  give  cloud 
overlap  because  the  detonation  cannot  proceed  through  an  air  gap.  If  the 
jug  spacing  is  too  close,  the  area  cleared  per  row  is  decreased.  Both  of 
these  problems  are  solved  in  paragraphs  4  and  5,  respectively. 

3.  PROOF  OF  CONCEPT 

Proof-of-concept  is  a  test  that  demonstrates  the  central  idea.  In 
JUGFAE,  interested  parties  agreed  that  a  four- jug  inline  shot  would  test 
the  central  idea:  that  detonation  transfer  across  clouds  would  take  place. 
The  proof  test  was  conducted  in  October  1984  at  Defence  Research 

2 

Establishment  Suf field,  Alberta.  The  55-liter  jugs  and  cloud  initiator 
were  hand  emplaced  on  posts.  Remote  emplacement  (crane)  is  not  central  to 
proof-of-concept.  In  a  single  day,  two  tests  of  four  jugs  inline  were  made 
and  both  were  successful. 

Aerial  photography  showed  the  clouds’  growth  and  detonation  transfer. 
The  overlap  was  different  than  expected.  The  clouds  did  not  merge  into 
each  other  like  the  overlapping  circles  we  draw  but  rather  they  heaped  up 
where  they  touched.  DRES  personnel  point  out  that  the  expanding  clouds  are 
opposed  mass  flows.  Another  phenomenon  they  observed  is  that  the 
detonation  wave  seemed  to  stall  at  the  merged  region  and  then  resume  travel 
through  the  cloud.  The  wave  motion  was  jerky  instead  of  constant.  A  speed 
change  is  expected  in  regions  of  different  fuel-air  ratio.  Their 
observations  and  remarks  were  made  soon  after  seeing  the  test  films. 

In  the  following  sections  the  analysis  idealizes  cloud  overlap  as  a 
smooth,  non-interacting  superposition  of  circles,  as  in  Figure  2. 
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FIGURE  2 .  Tangent  cloud . 


For  historical  interest,  the  proper  name  of  the  intersection  shape  is 
the  "vesica  piscis,"  fish  bladder.  The  shape  is  used  in  architecture, 
advertising,  and  Christian  art. 

4.  LIKELIHOOD  OF  SUCCESS 

4.1  Perfect  Placement  of  Jugs.  Partial  failure  results  if  the  jug 
spacing  is  too  wide  for  clouds  to  overlap.  Part  4  finds  the  chance  of 
non-overlap  of  the  clouds.  This  event  is  called  "partial  failure"  because 
the  detonation  wave  cannot  jump  the  air  gap  and  resume  exploding  the  rest 
of  the  clouds.  The  extensive  setup  time  and  effort  will  be  wasted  if 
overlap  does  not  occur. 

The  analysis  of  paragraph  4.1  proceeds  from  the  premise  that  the  cloud 
radii  will  be  near  the  mean  radius  of  a  group  of  one- jug  test  shots.  From 
a  lineup  of  jugs  of  constant  separation,  some  clouds  will  overlap  more  and 
some  less  than  is  intended.  However,  only  one  condition  will  cause  partial 
failure.  That  condition  is  when  one  cloud  out  of  the  entire  row  has  a 
radius  that  just  touches  its  two  neighbor  clouds.  That  critically  short 
radius  constitutes  a  tangent  cloud.  The  detonation  wave  will  not  enter 
that  cloud.  A  drawing  of  the  situation  is  seen  in  Figure  2. 


7 


The  analysis  uses  statistical  tables  that  give  the  probability  that  out 
of  all  items  a  proportion  will  exhibit  a  certain  characteristic.  In  this 
problem,  we  want  to  have  a  high  probability  (75-99%)  that  nearly  all 
(90-99%)  of  the  clouds  we  would  ever  make  will  have  a  radius  larger  than 
the  critical  radius  of  the  tangent  cloud.  It  does  not  matter  if  the  radii 
are  bigger  than  the  mean  radius.*  They  all  do  have  to  be  larger  than  the 
critical  radius.  The  tables  we  need  give  the  one-sided  tolerance  for 
normal  distribution.  First  we  need  to  derive  a  relation  between  the  mean 

radius  R,  the  amount  of  overlap  PR,  and  the  jug  separation  S.  From  the 
geometry  in  Figure  2, 

S  =  (2R  -  PR)  =  (2  -  P)R  (1) 

The  radius  of  the  clouds  will  be  a  size  R  plus  or  minus  some  probable 

amount ,  or 

R  =  R  +  Ks,  (2) 

where  R  is  the  sample  mean  radius  and  s  is  the  sample  standard  deviation, 
and  K  is  a  constant  set  by  probability. 


Some  clouds  will  be  shorter  than  R,  like  R  =  R  -  Ks,  and  some  larger, 
like  R  =  R  +  Ks ,  but  only  clouds  with  radius  shorter  than 


will  hurt  JUGFAE. 
reached  when 


Rcrit  ‘  d  -  P>R  <3> 

So  the  critical  radius,  that  of  a  tangent  cloud,  is 


R  -  Ks  =  R  -  PR 
P  =  Ks/R 


(4) 


For  general  interest,  the  proper  name  of  the  ratio  of  standard 
deviation  to  mean  is  the  ’’coefficient  of  variation." 

To  apply  Equation  4,  consider  these  cloud  radii  data  taken  by  DRES  in 
July-August  1984.  For  an  accurate  view,  an  overhead  camera  looked  down  on 
the  cloud  development.** 


*In  the  overlap  region,  the  fuel-air  ratio  is  richer  than  in  the  rest  of 
the  cloud,  but  the  wide  jug  spacing  ensures  that  it  is  still  a  detonable 

mixture . 

**Per  Cecil  Glass,  Naval  Weapons  Center  (NWC),  China  Lake,  CA. 
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DRES  jugs: 


volume  =  53  liters 
(fuel/burster)weight  =  100 
delay  =  100  ms 


n  =  7 


R.(m) 

R 


|  6.55,  6.45,  6.38,  6.25,  6.10,  6.07, 
X^R-l/u  “  6.233  m,  sample  mean  radius 


5.83 


7  cloud  radii 


s 


P 


1 


n(n-l) 


(nDt2  -  R2) 


=  0.250  m,  sample  standard 

deviation  based  upon  unbiased 
variance  estimate, 


=  Ks/R  =  K  0.250/6.233  -  0.040K,  overlap  required  (5) 


We  have  used  the  s-formula  for  population  rather  than  sample 
variability  because  our  attention  is  on  all  clouds.  Values  of  K  are 

3 

contained  in  tables  adapted  from  G.J.  Lieberman,  of  which  a  portion  is 
reproduced  as  Table  1.  Table  1  gives  the  value  of  K  for  n  shots  such  that 
we  know  with  probability  7  that  a  proportion  of  the  shots  P  (not  percent 
overlap  now)  will  have  a  cloud  radius  R  >  Rcrj_t*  As  an  example,  for  n  =  7 

shots,  choose  a  probability  of  75%  that  95%  of  all  future  clouds  will 
overlap,  and  find  in  the  box  K  -  2.250.  Then  with  P  =  0.040K,  the  percent 
overlap  is  9.00%.  The  jug  separation  should  be  S  =  (2  -  0.090)6.23  m  * 
11.9  m. 


Table  2  was  drawn  up  from  Table  1  based  on  two  proportions,  95%  and 
99%,  of  clouds  being  greater  than  the  critical  radius  with  four 
probabilities  of  each  proportion.  The  table  shows  as  expected  that 
increasing  overlap  is  needed  (closer  jug  separation)  as  probability 
increases.  It  is  surprising  that  the  most  rigorous  requirement,  i.e.,  a 
99%  probability  that  99%  of  clouds  are  larger  then  the  critical  radius, 
only  requires  26%  overlap.  The  overlap  is  low  because  DRES  jugs  reproduce 

the  cloud  radius  so  well.  If  the  ratio  s/R  were  large,  as  with  erratic 
cloud  sizes  and  small  mean  cloud  radius,  the  required  overlap  would  be 
large . 

The  peculiarities  of  other  possible  jug  designs  and  cloud  sizes  do  not 
affect  the  cloud  overlap  calculation.  Another  jug  design  could  produce 
clouds  with  a  different  mean  radius  and  a  different  standard  deviation  than 
DRES  clouds.  For  simplicity,  assume  the  new  jugs  gave  the  same  mean  cloud 
radius,  R-new  =  R^^g,  but  r^nged  more  in  size  than  DRES  clouds.  Table  3 

lists  what  percentage  overlap  is  required  for  increasingly  worse  standard 
deviations.  Figure  3  plots  the  data  listed  in  Table  3.  As  an  example  let 
the  new  design  have  three  times  the  DRES  jug’s  standard  deviation  of  cloud 
radius,  3s  =  0.75  m.  If  we  wanted  a  90%  probability  that  95%  of  these 
erratic  clouds  would  be  bigger  than  the  overlap  required  is  35%. 
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TABLE  1*  One-Sided  Tolerance  Factors  for  Passing  Proportions 


(Actors  K  such  that  the  probability  is  y  that  aHoast  a  proportion  ?  of  the  distribution  will  be  less  than 
X  +  K»  (or  greater  than  X  —  X*),  where  X  and  s  are  estimates  of  the  mean  and  the  standard 
deviation  computed  from  u  sample  size  of  n. 


y  »  0.75 

7  =  0.90 

X 

0.75 

0.90 

0.95 

0.99 

0.999 

0.75 

0.90 

0.95 

0.99 

0.999 

3 

1.464 

2.501 

3.152 

4.396 

5.805 

2.602 

4.258 

5.310 

7.340 

9.651 

4 

1.256 

2.134 

2.680 

3.726 

4.910 

1.972 

3.187 

3.957 

5.437 

7.128 

5 

1.152 

1.961 

2.463 

3.421 

4.507 

1.698 

| 

2.742 

[ 

3.400 

4.666 

6.112 

6 

1.087 

1.860 

2.336 

3.243 

4.273 

1.540 

2.494 

3.091 

4.242 

5.556 

7 

1.043 

1.791 

2.250 

3.126 

4.118 

1.435 

2.333 

2.894 

3.972 

5.201 

8 

1.010 

1.740 

2.190 

3,042 

4.008 

1.360 

2.219 

2.755 

3.783 

4.955 

9 

0.984 

1.702 

2.141 

2.977 

3.924 

1.302 

2.133 

2.649 

3.641 

4.772 

10 

0.964 

1.671 

2.103 

2.927 

3.858 

1.257 

2.065 

2.568 

3.532 

4.629 

11 

0.947 

1.646 

2.073 

2.885 

3.804 

1.219 

2.012 

2.503 

3.444 

4.515 

12 

0.933 

1.624 

2.048 

2.851 

3.760 

1.188 

1.966 

2.448 

3.371 

4.420 

13 

0.919 

1.606 

2.026 

2.822 

3.722 

1.162 

1.928 

2.403 

3.310 

4.341 

14 

0.909 

1.591 

2.007 

2.796 

3.690 

1.139 

1.895 

2.363 

3.257 

4.274 

15 

0.899 

1.577 

1  991 

2.776 

3.661 

1.119 

1.866 

2.329 

3.212 

4.215 

16 

0.891 

1.566 

1.977 

2.756 

3.637 

1.101 

1.842 

2.299 

3.172 

4.164 

17 

0.883 

1.554 

1.964 

2.739 

3.615 

1.085 

1.820 

2.272 

3.136 

4.118 

18 

0.876 

1.544 

1.951 

2.723 

3.595 

1.071 

1.800 

2.249 

3.106 

4.078 

19 

0.870 

1.536 

1.942 

2.710 

3.577 

1.058 

1.781 

2.228 

3.078 

4.041 

20 

0.865 

1.528 

1.933 

2.697 

3.561 

1.046 

1.765 

2.208 

3.052 

4.009 

21 

0.859 

1.520 

1.923 

2.686 

3.545 

1.035 

1.750 

2.190 

3.028 

3.979 

22 

0.854 

1.514 

1.916 

2.675 

3.532 

1.025 

1.736 

2.174 

3.007 

3.952 

23 

0.849 

1.508 

1.907 

2.665 

3.520 

1.016 

1.724 

2.159 

2.987 

3.927 

24 

0.845 

1.502 

1.901 

2.656 

3.509 

1.007 

1.712 

2.145 

2.969 

3.904 

25 

0.842 

1.496 

1.895 

2.647 

3.497 

0.999 

1.702 

2.132 

2.952 

3.882 

30 

0.825 

1.475 

1.869 

2.613 

3.454 

0.966 

1.657 

2.080 

2.884 

3.794 

35 

0.812 

1.458 

1.849 

2.588 

3.421  1 

0.942 

1.623 

2.041 

2.833 

3.730 

40 

0.803 

1.445 

1.834 

2.568 

3.395 

0.923 

1.598 

2.010 

2.793 

3.679 

45 

0.795 

1.435 

1.821 

2.552 

3.375  J 

0.908 

1.577 

1.986 

2.762 

3.638 

50 

0.788 

1.426 

1.811 

2.538 

3.358 

1 

0.894 

1.560 

1.965 

2.735 

3.604 

Adapted  by  P«rmWon  from  Industrial  QuoH Control.  Voi  XIV,  No.  10,  April  19SS,  from  article  entitled  ’Tabka  for  One-Sided 

Statistical  Tolerance  Limite"  by  G.  J.  Liebermar* 
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For  a  DRES  jug,  the  percentage  overlap  required  is  only  12%.  That  says 
the  DRES  jugs  are  clearing  more  area,  since  less  area  is  used  up  for 
overlap.  In  paragraph  5,  we  show  the  details  of  area  cleared  for  different 
overlap.  Actually,  the  area  cleared  decreases  very  slowly  with  increasing 
cloud  overlap.  In  the  last  example,  a  line  of  four  erratic  jugs  would 
clear  only  5%  less  area  than  would  the  mote  consistent  DRES  jugs. 

’  * 

TABLE  2.  Calculated  Overlaps  and  Spacing  for  DRES  Jugs 


7 

Probability 
of  Overlap 

P 

Proportional 

Number 

K 

(0. 040K) 100 

Percent 

Overlap 

S=(2-P)R 

Jug 

Spacing(m) 

\  t 

Jug 

DRES 

.0.75 

0.95 

2.25 

9.0 

11.9 

un-y*' 

R  «  6.23,  m 

0.90 

0.95 

2.89 

11.6 

11.7 

0.95 

0.95 

3.40 

13.6 

11.6 

s  =  0 .250  m 

0.99 

0.95 

4.73 

18.9 

11.3 

n  «  7 

0.75 

0.99 

3.13 

12.5 

11.7 

*■< 

0.90 

0.99 

3.97 

15.9 

11.5 

**  . 

0.95 

0.99 

4 .64 

18.6 

11.8 

•  %  , 

0 .99 

^cloud 

0.99 

R  +  Ks 

6.41 

25.6 

10.9 

* 

A  proportion  of  the  clouds  will 

have  radius 

R  >  R  -  Ks . 

At  R  =  R 
will  not 

-  Ks,  the  cloud  will  touch  its  neighbors  and  so  detonatioh 
propagate . 

With  jugs  separated  to 
95%  of  the  clouds  will 

give  19% 
overlap . 

R  overlap, 

the  probability 

is  99%  that 
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TABLE  3.  Integer  Factors  of  Standard  Deviation  of  DRES  Jug 


®DRES 

*  0.250  m 

R  ™  6*23  m 

PDRES 

(s/R)K  =  0.040K 

y 

p 

Percent 

Probability 

Proportional 

Overlap 

8 

of  Overlap 

Number 

K 

Required 

SDRES 

0.75 

0.75 

1.043 

4.17 

2s 

8.34 

3s 

12.5 

4s 

16.7 

SDRES 

0.90 

0.95 

2.894 

11.6 

2s 

23.2 

3s 

34.7 

4s 

46.3 

SDRES 

0.95 

0.75 

1.732 

6.93 

2s 

13.9 

3s 

20.8 

4s 

27.7 

sDRES 

0.95 

0.90 

2.755 

11.0 

2s 

22.0 

3s 

33.1 

4s 

44.1 

SDRES 

0.99 

0.95 

4.730 

18.9 

2s 

37.8 

3s 

56.8 

4s 

75.7 

12 


Percent  Overlap  Required 


FIGURE  3 .  Overlap  required  for  increasingly  variable  cloud  radius. 
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4.2  Crane  Placement  of  Jugs.  The  analysis  in  paragraph  4.1  expects 

perfect  placement  of  the  jugs.  In  the  JUGFAE  concept,  a  crane  would 

actually  set  in  each  jug  on  the  mined  land.  The  crane  will  land  the  jug 

within  some  size  circle  of  the  ideal  spot.  This  error  will  cause  clouds  to 

overlap  different  amounts.  Too  much  error  and  non-overlap  can  occur. 

Figure  4  shows  four-cloud  arrangements  from  jugs  perfectly  placed  and  from 

jugs  placed  with  a  crane.  It  is  assumed  that  the  crane  sets  a  jug  down  in 

an  error  circle  with  radius  R  centered  on  the  designated  mark  (+) .  In 

crane 

Figure  4  the  crane  error  circle  is  drawn  so  that  2Rcrane  =  PR*  Note  tliat 

in  the  right-most  placement,  there  is  extra  overlap  of  clouds  (not  harmful) 
In  the  left-most  placement,  some  vertical  misalignment  is  shown.  In  the 
worst  placement,  the  crane  sets  two  jugs  on  opposite  sides  of  their  error 
circles  and  tangent  clouds  result.  Note  also  that  all  the  clouds  are 

drawn  with  radius  R.  The  undesirable  tangent  clouds  are  caused  now  by 
crane  error  and  not  by  the  short  radius  cloud  of  paragraph  4.1.  This 
paragraph  (4.2)  treats  the  crane  error  and  paragraph  4.3  combines  both 
errors  to  find  the  chance  of  non-overlap  for  cloud  rows. 


PERFECT 

PLACEMENT 


CRANE 

ERROR 


CRANE  FRROft 

V  circle 


FIGURE  4. 


Crane  placement  error. 
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The  worst  case  part  of  Figure  4  is  shown  in  more  detail  in  Figure  5. 
The  top  pair  of  clouds  in  Figure  5  show  the  jugs  placed  on  the  mark  and 
separated  a  distance  S.  The  bottom  pair  of  clouds  are  tangent  because 
the  jugs  are  on  opposite  sides  of  the  crane’s  error  circle.  To  ensure 
detonation  transfer  in  the  worst  case,  the  jugs  must  be  put  on  a  closer 
separation  S’, 


s 

ii 

*1 

1 

►d. 

7*\ 

(6) 

s’ 

=  S  -  2R  „  „ 

(7) 

crane 

R 

crane 

=  2a  <  PR/2 

crane 

(8) 

where  the  equality  is  for  statistical  reasons  from  Reference  4  and  the 

inequality  is  error  we  are  willing  to  tolerate  or  must  expect  from  crane 

emplacement*  (5  is  the  standard  deviation  of  the  miss  distance  of  the 

v  crane 

jug  from  the  mark.  Collecting  terms, 


=  (2R  -  PR)  -  2PR/2 

(9) 

=  2R(1  -  P)  <  S 

(10) 

If  jugs  are  set  S’  apart,  then  if  the  worst  placement  does  happen,  the 
clouds  would  still  overlap. 
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From  Equations  6-8,  if  the  chosen  overlap  is  P  =  25%,  then  S  =  1.75R, 

S’  =  1.50R  and  R  =  0.25(6.23)/2  =  0.78  m.  These  results  show  a 

crane 

reasonable  compromise  between  keeping  jug  separation  large  and  restricting 
the  crane  error.  Since  S'  <  S,  there  will  be  less  area  cleared  or  more 
jugs  needed  if  the  jugs  are  placed  on  marks  separated  by  S' .  The  reduction 
in  area  cleared  per  setup  is  about  9%  from  paragraph  5.1  or  an  increase  of 
11%  in  the  number  of  jugs  is  needed. 

At  this  point,  the  problem  of  predicting  JUGFAE  success,  with  the 
necessary  crane  placement  included,  is  solved  in  a  limited  way.  With  all 
jugs  placed  on  the  S'-separation,  detonation  transfer  is  assured.  If  we 
wish  to  keep  the  jugs  on  the  wider  S-separation,  then  the  probability 
calculation  is  much  harder.  The  reader  may  wish  to  skip  the  details  as 
paragraph  4.3  concludes  that  the  S’-separation  should  be  used  in  JUGFAE 
operations  if  not  any  risk  of  partial  detonation  of  the  line  is  acceptable. 
The  rest  of  this  section  and  paragraph  4.3  detail  the  risks  for  multiple 
jug  lineups. 

For  failure  to  detonate  the  entire  cloud  line,  three  events  must  have 
occurred  in  jug  placement,  as  shown  in  Figure  5. 

Eq  =  The  crane  puts  i  jugs  outside  its  permitted  error  circle. 

=  At  least  2  outside  jugs  are  adjacent. 

E£  =  The  adjacent  jugs  are  on  left  and  right  sides  of  their  error 
circles,  i.e.,  they  are  too  far  apart  from  each  other. 

P(failure)  =  P(failure  to  transmit  =  PCEj.E^.Eq)  (11) 

detonation  w/crane 
placement) 

The  probability  of  failure  P(failure)  can  be  written 

n 

P(failure)  =  £  p(E0)i  ^VMVi  (12) 

The  equation  arises  from  the  compound  probability  law  for  independent 
events  which  is 

P(A.B)  =  P(B)  P(A|B),  (13) 

and  where  in  Equation  13  we  let  A  =  E2-E^  and  B  =  Eq. 
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The  summation  comes  from  the  probability  rule  that  separate 
probabilities  of  mutually  exclusive  outcomes  are  added  to  give  the  total 
probability,  if  we  do  not  care  which  outcome  occurred  (the  "or"  rule).  In 
this  application,  we  do  not  care  if  failure  occurred  because  the  crane 
mislaid  no  jug  or  one  jug,  or....,  and  so  we  add  the  probability  of  each 
separate  jug  line  occurring. 


We  solve  Equation  12  for  the  example  of  a  2- jug  lineup.  The  result 
is  the  probability  of  failure  with  two  jugs  or  the  probability  that  the 
particular  arrangement  of  Figure  5  BAD  will  occur.  The  solution  uses  a 
diagrammatic  method  of  Robert  L.  Umholtz  of  BRL. 

The  condition  that  a  jug  is  inside  the  crane  error  circle  R  is 

crane 

signified  with  a  cross  (+)  because  being  inside  is  as  good  as  being  right 
on  the  mark  (+) .  The  condition  that  a  jug  is  on  or  outside  the  error 
circle  is  signified  with  a  zero  (0) . 

The  number  of  arrangements  of  n  jugs  with  r  of  them  being  on  or  outside 

the  crane  error  circle  is  given  by  in  the  usual  notation  and  written 
here  C(n,r),  r' 

(?)  =  C(n,r)  =  n! /r ! (n-r) !  (14) 

With  n  =  2  jugs,  r  can  be  0,  1,  or  2  meaning  no  jugs  outside,  one  jug 
outside,  both  jugs  outside  the  crane  error  circle. 


All  the  possible  arrangements  of  two  jugs  look  like: 


None  Outside 

C(2 ,0)  =  1 

+  + 


One  Outside 

C(2 , 1)  =  2 
+  0  0  + 


Two  Outside 

C(2 ,2)  -  1 
0  0 


This  diagram  is  incomplete  for  finding  probability  of  failure  with  crane 
placement  because  only  event  is  depicted.  The  event  E2  is  depicted  by 

writing  left  L  or  right  R  under  each  0.  With  more  jugs,  it  is  useful  to 

know  that  the  number  of  sub-pictures  is  2r, 


None  Outside 

C(2,0)"l  + _ +  _ 

2°=1  +  + 

0/1 


2-Jug  Arrangements 

One  Outside 

C(2,l)=2  +0  0  + 

21=2  +  L  L  + 

+  R  R  + 

0/2  0/2 


Two  Outside 

C(2,2)  =  l_0 _ 0_ 

22=4  L  L 

L  R* 

R  L 

L  L 

1/4 
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The  asterisk  above  marks  the  only  occurrence  of  failure,  abbreviated 
E^E^Eq,  and  in  fact  is  the  "BAD”  of  Figure  5.  The  fractions  give  the 

probability  of  failure  for  that  exact  lineup  of  jugs.  In  practical  terms, 
if  the  project  officer  in  some  way  detected  that  one  jug  was  outside  the 
crane  error  circle,  he  would  know  from  the  diagram  that  the  probability  of 
failure  was  zero,  (0/2  +  0/2)/2  =  0;  he  would  not  even  have  to  know  which 
jug  in  particular  was  mislaid.  On  the  other  hand,  learning  that  both  jugs 
are  outside  the  crane  error  circle,  he  then  knows  the  chance  of  failure  is 
1/4  if  he  elects  not  to  correct  one  setting  (either  one)  but  goes  ahead  and 
fires.  If  the  project  officer  knows  nothing  about  the  setting  of  the  jugs, 
the  probability  of  failure  is  the  £  priori  probability  calculated  by 
Equation  12. 

The  second  term  in  Equation  12  is  P(E2  .E-^ .Eq).^  and  is  read  off  the 

diagram.  The  first  term,  P(Eq)1,  is  obtained  from  the  binomial 

distribution,  which  gives  the  probability  of  getting  r  events  in  n  tries 
when  the  probability  of  getting  a  single  event  is  p. 

P(E0)i  =  C(n,r)pr(l-p)n  r,  i  =  0,1, ...n  (15) 

The  number  C(n,r)  is  Equation  14.  The  important  probability  of  the  crane 

mislaying  one  jug  is  p  =  (1  -  0.865)  =  0.135,  by  way  of  Reference  4  and  the 

definition  of  R  in  Equation  8. 

crane 

So  the  probability  of  the  crane  mislaying  r  jugs  is: 

P(Eq)0  =  P(0  outside)  =  C(2,0)p°(l-p)2-0  =  1(0.135)°(0.865)2 

p(E0)i  =  P(1  outside)  =  C(2 ,l)p1(l-p)2-1  =  2(0.135)1(0.865)1 

P(E0)2  =  P(2  outside)  =  C(2,2)p2(l-p)2"2  =  1(0.135)2(0.865)° 

Equation  12  stated  for  the  2- jug  lineup  is: 

P(failure)  =  (prob.  crane  mislays  0  jugs)(prob.  at  least  2  jugs  (17) 

are  adjacent  &  opposite 
given  that  0  are  mislaid) 

+  (prob.  crane  mislays  1  jug) (prob.  at  least  2  jugs  are 

adjacent  &  opposite  given 
1  is  mislaid) 

+  (prob.  crane  mislays  2  jugs)(prob.  at  least  2  jugs  are 

adjacent  &  opposite  given 
that  2  are  mislaid) 

P( failure)  -  0.7482(0)  +  0.2336(0)  +  0.0182(1/4), 

P(failure)  =  0.00455. 


=  0.7482  (16) 

=  .0.2336 
-  0.0182. 
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The  method  of  the  2- jug  example  can  be  extended  for  more  jugs,  but 
the  details  are  inappropriate  for  a  concepts  report.  Some  interesting 
mathematics  occur  and  will  be  displayed  in  a  future  report.  Table  4 
summarizes  results  of  crane  placement  error  for  several  jug  lines. 


TABLE  4.  Probability  of  Partial  Failure  With  Crane  Placement 
of  Jugs. 

Number  of  Probability  That  Crane  Placement  on  S-Separation 

Jugs  in  Line  _ Will  Cause  At  Least  One  Tangent  Cloud _ 

2  0.00455 

3  0.00911 

4  0.0139 


5  0.01815 

10  0.0399 


Crane  error  permitted  is  PR/2  or  half  the  cloud  overlap  distance. 

4.3  Tangent  Cloud  and  Crane  Error  Combined.  A  partial  failure  to 
detonate  a  row  of  clouds  will  arise  from  crane  error  or  the  critical  short 
cloud  occurring.  Call  the  latter  event  E.^.  From  paragraph  4.1,  the 

probability  of  a  critically  short  cloud  forming  is  very  low  for  an  intended 
percentage  overlap  of  P  =  15%  or  more.  So  P^(E^)  =  0.010.  The  probability 
of  either  error  occurring  is 

P(E3  or  E2.E1.Eq)  =  P(E3)  +  P(E2.ErE0)  -  P(E3  .  (E2  .Ej.  .EQ)  )  (18) 

The  last  term  on  the  right  is  the  chance  that  both  errors  have  occurred  to 
at  least  one  pair  of  jugs.  We  cannot  evaluate  the  term  but  it  may  be  very 
small,  so  call  it  zero.  Even  if  it  is  not  zero,  the  assumption  gives  an 
upper  bound  on  P(either  error).  Then,  applying  Equation  18  to  two  jugs, 

P2(either  error)  <  0.010  +  0.0046  -  0.00  =  0.015  (19) 

The  example  for  two  jugs  has  been  applied  to  cases  of  longer  rows  and  the 
results  are  compiled  in  Tables  5  and  6. 
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TABLE  5. 

Probability  of  Partial 

Failure  With 

S-Separation  of  Jugs 

Jugs 

P  (F2  -V 

P(E3):+ 

.# 

P(E3  or  E2.E1.Eq) 

2 

0.0046 

<  0.010 

<  0.015 

3 

0.0091 

<  0.010 

<  0.019 

4 

0.0139 

<  0.010 

<  0.024 

5 

0.0182 

<  0.010 

<  0.028 

10 

0.0399 

<  0.010 

<  0.050 

+  Chance  of  crane  error  causing  partial  detonation  in  row. 

4+  Chance  of  critical  short  cloud  causing  partial  detonation  in  row. 

#  Chance  of  crane  error  or  critical  short  cloud  causing  partial 
detonation  in  row. 

Rows  of  10  jugs  may  be  a  reasonable  line  to  set  up.  The  (not  large) 
probability  of  partial  failure  with  a  10-jug  row  makes  a  problem  because 
a  great  many  jugs,  say  100,  have  to  be  fired  every  day  in  order  to  clear 
large  areas  in  a  time  like  one  year  (paragraph  5.4).  The  binomial 
distribution  (Equation  15)  gives  the  probability  of  getting  exactly  r 
incomplete  detonation  among  the  n  setups  scheduled  each  day. 

P(r)  =  C(n,r)pr(l-p)n_r,  (20) 

where  p  .is  the  last  column  of  Table  5  or  the  probability  of  a  single  setup 
failing.  For  no  incomplete  detonations,  r  =  0  and  the  probability  of 
success  is  simply 


P(0)  =  (l-p)n.  (21) 

The  complement  of  this  number  P(0)  has  to  be  the  probability  of  at  least 
one  incomplete  detonation,  P(r  ^  1)  =  1  -  P(r  =  0)  or 

P  (r  >  1)  =  1  -  (l-p)n.  (22) 

As  an  example  of  the  use  of  these  equations,  consider  a  5- jug  line 
which  is  setup  20  times.  Equation  21  and  Table  5  give  the  chance  of  no 
failures , 

P(0)  =  (1  -  0.028)20  =  0.567. 

Equation  20  gives  the  chance  of  exactly  one  failure  as 

P(l)  =  C(20,l)(0.028)1(l  -  0.028)20-1  =  0.326. 
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Equation  22  gives  the  chance  of  at  least  one  failure  as 

P(1  or  more)  =  1  -  (1  -  0.028)^u  =  0.433. 

Table  5  and  Equations  21,  20,  and  22  give  Table  6  in  which  rows  of  N  jugs 
are  fired  repeatedly.  The  probability  of  partial  failure  decreases  in  the 
long  rows  even  though  the  number  of  jugs  is  constant  at  Nn  =  100. 

TABLE  6.  Probability  of  at  Least  One  Partial  Failure  in  n  Setups 


N  Jugs 
in  Row 

n 

Setups 

No 

Failures 

Exactly  One 
Partial  Failure 

One  or  More 
Partial  Failures 

2 

50 

0.470 

0.358 

0.530 

3 

33 

0.531 

0.339 

0.469 

4 

25 

0.558 

0.335 

0.455 

5 

20 

0.567 

0.326 

0.433 

10 

10 

0.599 

0.315 

0.401 

The  probability  of  partial  failure  can  be  reduced  greatly  by  two 
techniques:  put  the  jugs  on  separation  S'  and  put  out  two  rows  in  each 
setup  (see  Figure  9).  About  11%  more  jugs  are  needed  for  the  S'-mark 
than  the  wider  S-mark.  Two  rows  may  be  difficult  to  put  in.  The  ideal 
operation  has  for  the  jugs  themselves  that  the  cloud  radius  is  large  and 

reproducible  so  that  s/R  is  very  small  and  the  crane  error  Rcrane  =  2crcrane 

is  very  small.  The  sections  ahead  are  concerned  with  area  cleared  and  not 
probability  of  cloud  detonation.  The  jugs  are  assumed  to  be  on  the  wider 
S-separation.  For  exploratory  tests  where  the  jugs  are  hand  emplaced,  the 
S-mark  would  be  used;  for  operational  tests  where  the  crane  is  essential, 
the  S'-mark  could  be  used  or  a  jug  separation  which  reasonably  secures 

cloud  overlap,  e.g.,  1.75R,  could  be  used. 

5 .  AREA  COVERAGE 

5.1  Graphical  Solution.  The  area  under  the  clouds  must  decrease  as 
the  overlap  increases.  The  lost  area  is  minor,  however,  even  at  high 
overlaps.  Figure  6  shows  four  circles  at  overlaps  ranging  from  15%  to 
total,  i.e.,  nearly  tangent  clouds  to  superimposed  clouds.  The 
circumscribed  areas  were  measured  with  a  planimeter  and  the  result  is  shown 
as  a  plot  of  area  vs  percent  overlap.  At  0%  overlap,  the  area  is  303 
vernier  units  and  at  40%  overlap  the  area  declines  only  to  282  vernier 
units.  The  40%  overlapped  area  is  95%  of  the  area  from  tangent  clouds 
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AREA  (VERNIER  UNITS) 


(282/303),  which  we  argued  is  the  failure  size.  The  tradeoff  of  more 
overlap,  ensuring  detonation  transfer,  for  slightly  decreased  ground 
coverage  is  very  favorable.  The  25%  overlap  is  a  good  choice. 


300  O 


200 


100 


J_ I_ I_ I_ I_ l_ I_ I |. 

20  40  60  80  100 

PERCENT  OVERLAP 


AREA 


OVERLAP 
(%R) 
294  15 


295  25 


282  40 


75.7 
(303) 
UNIT  AREA 


FIGURE  6.  Measured  area  for  different  overlaps. 

5.2  Exact  Solution.  To  find  an  exact  expression  for  the  total  area  A 
of  n  overlapped  clouds,  we  need  the  area  of  the  overlap.  For  n  clouds, 
there  are  (n  -  1)  overlap  areas  so  the  total  area  may  be  written, 

A  =  nA  -  (n  -  1)A  -  (23) 

n  v  7  overlap  x  y 

2 

and  A  =TR  is  the  area  of  one  cloud. 

The  problem  is  to  find  the  area  of  overlap  (the  area  of  the  vesica 
piscis)  .  A  geometry  solution  due  to  J.  Richard  Moore,  a  BRL  retiree,  will 
be  given  and  confirmed  by  a  calculus  solution. 


22 


Let  a  circle  of  radius  R  represent  a  cloud  of  average  radius  R.  The 
overlap  portion  of  two  circles  is  shown' in  Figure  7  A  as  arcs  23472.  With 
geometry,  (half)  the  overlap  area  is  found  by  subtracting  the  area  of  the 
large  triangle,  1241,  from  the  area  of  the  sector  12341.  With  the  circles 
separated  by  S,  length  15  is  S/2  and  length  52  is 


Vr2  -  S2/4  by  Pythagoras 


1241 


*1241 


=  1/2  (base) (height) 
=  S/2 


Vr2  -  s2/4 


(24) 


The  sector  area  is  a  fraction  of  the  circular  area  7TR^ 


A12341  =  0™  >(0/2*') 

cos(0/2)  =  S/2R  or  6  =  2arccos(S/2R) 

A12341  ~  R^/2(2arccos(S/2R)) 

A23472  =  2^A12341  “  A124p  . _ 

A  =  2R2arccos( S/2R)  -  sVr2  -  S2/4 


(25) 


Overlap  area  is 


Also  since 


overlap 
sin( 6/2)  =  Vr2  -  S2/4/r 


(26) 

(27) 


=  2R  arcsin 


[Vr2  -  s2/4 


+/r]-  sVr2  - 


S  / 4 .  (28) 


overlap 

The  exact  solution  by  calculus  for  the  overlap  area  consists  of  double 
integration  over  a  quarter  of  the  vesica  piscis.  An  origin  of  xy 
coordinates  placed  at  point  6  in  Figure  7 A  is  redrawn  for  the  calculus 
solution  of  Figure  7B.  The  integral  is 

X  /• 7 

Aoverlap  =  4^dX*f/2y  <29> 


where 


x  =  V Rz  -  Sz/4  and  y  =  VrZ  -  x 


^overlap  ^*0^^  S/2)dx 

Substitution  for  x  and  y  produces  the  standard  forms  a2  -  x2  dx  and 
The  two  integrations  give 


(30) 

fdx. 


A  =  2R  arcsin 

overlap 


in  [Vr2  -  S2/4/R  J  -  S  V 


R2  -  S2/4 .  (31) 


Equation  31  is  also  28,  so  the  methods  agree. 


23 


(A)  Geometry  Solution 


FIGURE  7.  Calculated  overlap  area. 
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A  change  of  variables  found  by  Robert  L.  Umholtz  of  BRL  expresses 
Equation  28/31  more  simply.  Regard  the  area  of  overlap  to  be  the  sum  of 
two  terms  which  we  shall  call  and  A2 , 


Aoverlap  A1  +  A2 


(32) 


The  simplifying  substitution  is  v  =  S/R  (v  for  vesica  piscis),  which  is  the 
ratio  of  the  jug  separation  to  the  cloud  radius.  Operate  on  the  term  A^  of 
Equation  32  and  28/31  by  bringing  R  inside  the  radical, dividing  through, 
and  substituting  v. 


A1  =  2R2arcsin  |(R2  -  S2/4)/R2|2 

=  2R2arcsin  |l  -  (v/2)2J^. 

2  2 

After  some  algebra  and  the  trigonometric  identity  sin  6  +  cos  6=1  obtain, 

A,  =  2R2arccos(v/2) .  (33) 

1  ^ 


Proceeding  with  A^> 


-A2  =  S  [(R2  ~  S2/4)j'^ 

=  R2v  |l  -  (v/2)2p 


A  ,  .=  A.  +  A0 ,  0  <  v  <  2 ,  v  =  S/R. 

,  overlap  1  2  ’  -  - 


(34) 

(35) 


If  we  wanted  to  compare  Aover^ap  to  Ac^rc^e  =7rRZ,  this  ratio  would  be 

Aoverlap^circle  ‘  4{2ar?cos(v/2)  *  1  “  (v/2)2|  .  (36) 

which  only  depends  on  v. 


5*3  Multiple  Rows.  A  JUGFAE  setup  is  flexible  and  not  restricted  to  a 
single  line.  Spotting  the  jug  marks  for  the  crane  is  a  problem  that, must 
be  worked  out.  Cord  marked  for  the  jug  separation  and  a  cord  tied  on  the 
crane  hook  to  get  the  same  depth  into  the  minefield  might  work. 


For  moderate  sized  setups  it  is  useful  to  have  area  formulas  other  than 
the  exact  formula  and  the  very  large  scale  formulas  of  the  next  section. 
Generalizing  from  Figure  2,  the  length  L  can  be  written  two  ways: 


L  - 

Recalling  that  S  =  2R  - 
shown  to  be  identical. 


R  +  (n  -  1)S  +  R 
PR  and  L 


nD  -  (n  -  1 )L 


"overlap 

=  PR,  these  expressions  can  be 


overlap 

In  forming  the  next  row,  better  ground  coverage 
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will  result  if  the  jugs  are  overshifted  onto  the  perpendicular  bisectors 
of  the  jug  spacing  of  the  front  row.  The  jug  centers  lie  on  equilateral 
triangles  of  side  S  and  the  depth  W  of  the  two  cloud  rows  can  be  written: 


W  =  R  +  S 


2  +  R. 


(38) 


Lining  up  the  jug  centers  in  each  row  leaves  too  much  open  ground .  This 
statement  can  be  checked  by  playing  with  rows  of  pennies.  Figure  8  shows 
that  the  open  area  of  multiple  rows,  as  in  Figure  9,  can.be  entirely 
eliminated  if  the  jug  spacing  is  related  to  the  cloud  radius  by  S  =  1.73R. 
The  overlap  in  Figure  8  is  0.27R  or  very  close  to  the  0.25R  favorably 
mentioned  in  paragraph  5.1. 


FIGURE  8 .  Jug  spacing  that  leaves  no  open  ground. 
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Figure  9  shows  multiple  rows  specialized  as  two  rows  of  5  jugs  with  an 
overshift  (2x5  shift)  and  15%  overlap  (9A)  and  27%  overlap  (9B).  The 
area  covered  is  nearly  that  of  the  confining  parallelogram. 

A  =  LW.  the  length  by  the  depth  of  the  parallelogram,  where  the 

parallel 

cloud  length  (Equation  37)  will  serve  as  the  slightly  longer  parallelogram 
length  and  the  depth  is  given  by  Equation  38. 


L=R+(n-1)S+R 
(L=1  OR— 0.60R) 


(A)  15%  Overlap  leaves  open  ground. 


PR  — 

(0.1 5R) 


—  S  — 

(1 ,85R) 


OPEN  GROUND 


(B)  27%  Overlap  leaves  no  open  ground. 

FIGURE  9.  Multiple  rows . 
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For  a  2x5  shift  and  15%  overlap,  the  area  covered  is: 

A  =  (10R  -  0.60R)(2R  +  R  J^2*1*85 ) 

parallel 

=  (9.40R)(3.60R)  =  1320  m2;  R^g  =  6.23  m. 

For  a  2x5  shift  and  27%  overlap,  the  area  covered  is. 

A  ..  .  =  ( 10R  -  4(.27)R)(2R  +  R^7/2*1.73) 
parallel 

=  (8.92R)(3.50R)  =  1210  m2;  RDRES  -  6.23  m. 

2 

At  $134/ jug  x  10  jugs,  clearance  cost  is  106  cents/m  . 

Another  useful  f igure-of-merit  is  the  number  of  jugs  per  length  of  front, 
the  number  density.  From  Figure  2  and  paragraph  5.3,  length  of  the  clouds 
is 


L  =  nD  -  (n  -  1)L  -  .  (39) 

R  v  R  '  overlap 

When  the  number  of  jugs  in  a  row  is  large  (nR  -  1)  =?  nR  and  since  Loverlap 

=  PR,  we  have  that  L  =  n  (2R  -  PR)  or  with  Equation  1 

K 

L  =  uRS.  (40) 

For  example,  at  P  =  0.25,  S  =  1.75R;  for  R  =  6.23  m  and  L  =  1000  m;  with 
Equation  40: 

1000  m  =  nR(l .75)(6 .23  m) 
nR  =  92/km. 

Required  are  92  jugs  per  kilometer  of  front  or  148  jugs  per  mile  of  front. 
The  number  of  jugs  per  kilometer  depth  is  the  same,  since  row  and  column 
are  graphically  the  same,  n^,  =  92/km.  Just  supposing  a  10  km  x  400  tn 

minefield,  P  =  0.25  and  R  =  6.23  m,  gives  92(10)  x  92(0.40)  =  34,000  jugs; 
Cost  =  $4.5M.  With  supposed  jug  improvements  giving  R  =  10  m,  the  number 
of  jugs  per  length  of  front  is  57/km  =  92/mile.  This  method  explicitly 
shows  the  effect  of  jug  separation  on  number  density.  If  the  larger  (10  m) 
clouds  are  overlapped  less,  say  15%  overlap,  the  density  would  be  54/km. 
Again  there  is  little  value  in  changing  the  25%  overlap. 

5.4.  Very  Large  Scale  Operations .  In  minefields  kilometers  long  the 
number  of  jugs  required  for  clearance  becomes  huge.  This  section  finds 
another  simple  formula  for  the  number  of  jugs.  Very  nearly  the  number 
required  is  the  mined  area  divided  by  the  area  under  a  single  cloud.  A 
correction  to  the  number,  which  takes  into  account  the  overlapped  area,  can 
be  found.  The  ratio  of  the  exact  area  covered  by  n  jugs,  Afl,  to  n  times 

the  area  covered  by  a  single  jug  A  is  changeable  and  less  than  one. 

However,  as  we  shall  show,  the  ratio  reaches  a  limit  as  n— >co  ,  which  is 
about  0.95.  Using  Equation  23  and  calling  Aq  =  Aoveriap» 
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The  limit  can  be  found  by  separately  differentiating  the  numerator  and 
denominator,  l!Hopital?s  rule. 
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(41) 


where  the  overlap  area  is  given  by  Equation  28/31. 


To  apply  the  limit,  suppose  the  jugs  are  on  a  25%  overlap,  P  =  0.25R,  which 
makes  the  jug  separation  S  =  1.75R.  Refer  to  Equation  36  with  v  «=  1.75  for 


overlap  /  ^circle. 


which  we  have  called  A  /A  in  Equation  41. 


A  /A  - 
o 


■+[ 


2arccos(1.75/2)  -  1.75 


V  1  -  (1.75/2) j 


(1.75/2)  =  0.0525. 


Graphically,  Figure  6,  the  tatio  measured  is  1  -  0.974  =  0.026,  which  is 
smaller  than  0.0525  because  the  area  overlapped  by  four  jugs  has  to  be 
less  than  the  area  overlapped  as  n  — ►  co  . 


lim 
n— ►oo 
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0.0525  =  0.9475. 


(42) 


This  exercise  shows  that  a  limit  exists  between  exact  area  and  n-tuple  area 
of  clouds.  Furthermore,  the  cumulative  overlap  area  (for  jugs  on  1.75R 
separation)  is  small,  in  agreement  with  other  sections.  Rather  than 
calculate  the  area  from  the  function  for  A^  in  Equations  23  and  28,  one  can 

simply  take  the  area  from  one  jug  and  multiply  by  the  number  of  jugs.  The 
error  is  only  5%,  which  is  enough  accuracy  for  operations  planning. 

An  =  0.95  nA  c*  nA.  (43) 

To  find  the  number  of  jugs  needed  to  neutralize  a  minefield  of  area  A  , 
set  it  equal  to  the  area  from  all  the  clouds  A^  (Equation  43). 

A  =  A  ,  clearance  requirement 
m  n 

n  «  Am/0.95A.  (44) 
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Return  to  the  possible  large  minefield  of  10  km  x  400  m,  length  by 


depth.  A  =  A 


jug 


=  ttR2  =  r(6 .23  m)2  =  122  m2  for  the  DRES  jug.  n  =  34,500 


jugs.  Cost  =  $4.62  M  or  $1.16/m  .  Note  that  this  example  was  worked  by 
the  number  density  method,  Equation  40,  which  gave  n  =  34,000  jugs,  a  2% 
difference . 


The  34,000  jugs  needed  for  the  large  minefield  dictates  a  crowded 
firing  schedule  in  order  to  finish  in  a  reasonable  time.  One  hundred  jugs 
a  day  would  complete  it  in  340  days  or  1  year.  Possibly,  a  smoothly 
operating  range  party  could  fire  100  jugs  a  day.  If  so,  two  teams,  a 
non-interfering  distance  apart,  could  halve  the  time  to  six  months.  The 
cost  estimate  of  paragraph  2.3  listed  a  6-man  team  at  $360K/year.  Neither 
the  personnel  cost  nor  the  fixed  equipment  cost  ($79K)  are  included  in  the 
cost  of  one  dollar  for  expendables  for  a  square  meter  cleared. 

6.  CONCLUSION 

The  JUGFAE  concept  has  been  described  in  detail.  The  central  idea  of 
JUGFAE  is  the  simultaneous  dispersion  of  fuel  into  overlapping  fuel-air 
clouds  and  one  subsequent  mine  clearing  explosion.  We  think  it  is  the  best 
means  for  blast  clearance  of  land  mines,  where  the  approach  taken  is  total 
clearance  without  regard  for  detection.  Mechanical  means  such  as  plows  and 
rollers  also  are  part  of  the  no-regard-f or-detection  approach. 

The  alternative  approach  is  individual  detection  of  each  land  mine.  It 
is  outside  the  scope  of  this  report  to  compare  approaches  or  means,  but 
they  should  be  kept  in  mind. 

The  jugs  have  been  described  in  detail  sufficient  to  understand  that 
they  are  inexpensive  and  easily  manufactured.  The  setup  operation  has  been 
explained  as  has  the  necessity  for  the  multiple  jug  setup  with  its 
advantages  of  control  and  safety  and  timesaving  over  one-at-a-time  firing. 
Considerable  detail  makes  clear  that  placement  errors  in  the  jug  setup  are 
small  enough  to  give  high  probability  that  the  clouds  will  overlap.  That 
overlap  is  necessary  for  the  detonation  wave  to  travel  throughout  the 
array.  The  array  is  whatever  geometrical  design  the  user  prefers  or 
terrain  or  crane  reach  dictates.  The  number  of  jugs  required  for  any  area 
was  found.  With  a  6.23  m  cloud  radius  and  for  long  minefields  the  number 
of  jugs  is  92  per  kilometer  of  front.  The  clearance  cost  in  expendables 
(not  counting  the  crane)  is  about  one  dollar  per  square  meter. 

The  feasibility  of  operations  at  very  large  scale  was  briefly  examined. 
In  very  large  minefields,  the  number  of  jugs  needed  is  in  the  tens  of 
thousands.  The  concept  may  be  impractical  at  that  scale  as  time,  men,  and 
money  needed  are  large. 
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Dr.  S.  Wolff 

2101  Constitution  Avenue,  NW 
Washington,  DC  20418 

3  Central  Intelligence  Agency 
0IR/DB/ Standard 

GE47  HQ 

Washington,  DC  20505 

1  Institute  of  Makers  of 

Explosives 

ATTN:  Exec  Dir,  Suite  550 
1575  Eye  Street,  NW 
Washington,  DC  20005 

2  AAI  Corporation 
ATTN:  Tech  Library 

Mr.  M.  Bindel 
P.0.  Box  6767 
Baltimore,  MD  21204 

2  Aberdeen  Research  Center 
ATTN:  John  Keefer 

Noel  Ethridge 
P.0.  Box  548 
Aberdeen,  MD  21001 

1  Advanced  Technology  Research 
ATTN:  H.  Mair 
3933  Sandy  Spring  Road 
Burtonsville ,  MD  20866 
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2  Denver  Research  Institute 
ATTN:  Mr.  Wisotski 
Tech  Library 
P.0.  Box  10127 
Denver,  CO  80210 


No. 

of 

Cys  Organization 

1  Aerospace  Corporation 
ATTN:  Tech  Library 

P.0.  Box  92957 
Los  Angeles,  CA  90009 

1  Director 

Applied  Physics  Laboratory 
ATTN:  Tech  Library 
Johns  Hopkins  Road 
Laurel,  MD  20707 

3  Atlantic  Research  Corporation 
ATTN:  Dr.  E.  McHale 
Dr.  R.  Fry 
Tech  Library 
5390  Cherokee  Avenue 
Alexandria,  VA  22314 

3  Battelle  Memorial  Institute 
ATTN:  Dr.  L.  Hulbert 

Mr.  J.  Huggins 
Tech  Library 
505  King  Avenue 
Columbus,  OH  43201-2693 

4  BDM  Corporation 

ATTN:  C.  Somers 

W.  Baum 
A.  Vitello 
Tech  Library 
7915  Jones  Branch  Drive 
McLean,  VA  22102 

1  Brunswick  Corporation 
ATTN:  Tech  Library 
3333  Harbor  Boulevard 
Costa  Mesa,  CA  92626 

1  California  Rsch  &  Tech,  Inc. 
ATTN:  M.  Rosenblatt 
6269  Variel  Ave . ,  Suite  200 
Woodland  Hills,  CA  91367 


2  FMC  Corporation 
ATTN:  Mr.  W.  Seele 

Tech  Library 
1105  Coleman  Avenue 
San  Jose,  CA  95108 

1  Franklin  Research  Center 
ATTN:  Tech  Library 
Benjamin  Franklin  Parkway 
Philadelphia,  PA  19103 

1  General  American  Trans  Corp 
ATTN:  Tech  Library 
7449  N.  Natchez  Avenue 
Niles,  IL  60648 

1  General  Dynamics 

ATTN:  Tech  Library 
P.0.  Box  2507 
Pomona,  CA  91769 

1  GEO-CENTERS ,  Inc . 

ATTN:  Mr.  L.  Isaacson 

381  Elliot  Street 

Newton  Upper  Falls,  MA  02164 

1  H-Tech  Laboratories,  Inc. 
ATTN:  Dr.  B.  Hartenbaum 
P.0.  Box  1686 
Santa  Monica,  CA  90406 

3  Honeywell 

ATTN:  Mr.  R.  Gartner 
Mr.  R.  Meyer 
Tech  Library 
5901  S.  Country  Road 
Edina,  MN  55436 
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5  IIT  Research  Institute 

ATTN:  Mrs.  H.  Napadensky 
Dr.  Tulls 
Mr.  R.  Remaly 
Dr.  D.  Gidaspow 
Tech  Library 
10  West  35th  Street 
Chicago,  IL  60616 

2  Kaman-AviDyne 

ATTN:  Mr.  S.  Criscione 
Raffi 

Northwest  Industrial  Park 
83  Second  Avenue 
Burlington,  MA  01803 

1  Kaman-Nuclear 

ATTN:  Tech  Library 

1500  Garden  of  the  Gods  Road 

Colorado  Springs,  CO 

1  Lockheed  Missiles  &  Space  Co 
ATTN:  J.  Nickell 
Sunnyvale,  CA  94086 

1  Management  Science  Assoc. 
ATTN:  K.  Kaplan 
P.0.  Box  239 
Los  Altos,  CA  94022 

1  Martin  Marietta  Corp. 

ATTN:  A.  Ossin 
P.0.  Box  5837 
Orlando,  FL  32805 

1  Mason  &  Hanger-Silas  Mason 
Co.,  Inc. 

Pantex  Plant 
P.0.  Box  647 
Amarillo,  TX  79117 

1  Maxwell  Laboratories,  Inc. 
ATTN:  A.  Kolb 
9244  Balboa  Avenue 
San  Diego,  CA  92123 


No. 

of 

Cys  Organization 

1  McDonnell  Douglas  Astronautics 
Corporation 
ATTN:  Tech  Library 
5301  Bolsa  Avenue 
Huntington  Beach,  CA  92647 

4  * 

1  H.L.  Murphy  Assoc. 

Box  1727 

San  Mateo,  CA  94401 

1  Oak  Ridge  National  Lab 
ATTN:  Tech  Library 
P . 0 .  Box  X 
Oak  Ridge,  TN  37830 

1  Philco  Ford  Corporation 
Aeronutronic  Division 
ATTN:  L.K.  Goodwin 
Fort  Road 

Newport  Beach,  CA  92663 

1  Physics  International 
2700  Merced  Street 
San  Leandro,  CA  94577 

1  The  Rand  Corporation 
ATTN:  Tech  Library 
1700  Main  Street 
Santa  Monica,  CA  90406 

3  R&D  Associates 

ATTN:  Tech  Library. 

J.  Carpenter 
A.  Kuhl 
P.0.  Box  9695 
Marina  del  Rey,  CA  90291 

1  R&D  Associates 

ATTN:  Tech  Library 
P.0.  Box  9335 
Albuquerque,  NM  87119 

1  Science  Applications,  Inc. 
Suite  310 

1216  Jefferson  Davis  Highway 
Arlington,  VA  22202 
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2  Science  Applications,  Inc. 
ATTN:  Woodrow  Wilson 
Tech  Library 
P.0.  Box  2351 
LaJolla,  CA  92038 

2  Science  Applications,  Inc. 
ATTN:  J.  McGahan 

J .  Cockayne 
P.0.  Box  1303 
McLean,  VA  22102-1303 

1  S-Cubed 

ATTN:  Mr.  Needham 
P.0.  Box  8243 
Albuquerque,  NM  87198 

3  S-Cubed 

ATTN :  Tech  Library 

Dr.  R.  Sedgwick 
Dr.  T.  Pierce 
P.0.  Box  1620 
LaJolla,  CA  92037 

2  Southwest  Research  Institute 
ATTN:  Dr.  H.  Abramson 

Dr.  U.  Lindholm 
8500  Culebra  Road 
San  Antonio,  TX  78228 

1  SRI  International 
ATTN:  Tech  Library 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1  TERA 

New  Mexico  Institute  of 
Technology 
ATTN:  Tech  Library 
Socorro,  NM  87801 

1  Dr.  J.  Richard  Moore 
201  Middleton  Court 
Churchville,  MD  21028 


No. 

of 
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1  Mr.  Ray  Thorkildson 
Suite  907 

1911  N.  Fort  Myer  Drive 
Arlington,  VA  22209 

1  Dr.  Wilfred  E.  Baker 

Wilfred  Baker  Engineering 

P.0.  Box  6477 

San  Antonio,  TX  78209 

Aberdeen  Proving  Ground 

1  Cdr ,  AMCCOM,  ATTN:  SMCAR-ACW 

(Wpns  Sys  Concepts  Team,  Bldg 
E3516) 

3  Cdr,  CRDEC,  ATTN:  SMCCR-RSP-A 

SMCCR-MU 

(Hassel) 

SMCCR-SPS-IL 

1  Cdr,  USACSTA,  Bldg  400 

1  Cdr,  AEHA,  Bldg  E2100 

1  Cdr,  USAOC&S ,  Bldg  3071 

2  Cdr,  TECOM,  ATTN:  AMSTE-SI-F 

AMSTE-T0-F 

1  Cdr,  USATHAMA,  ATTN:  AMXTH-TE 

1  Cdr,  149th  Ord  Detachment  (E0D), 

Bldg  E4220 

4  Dir,  AMSAA,  ATTN:  AMXSY-D 

AMXSY-GB 
(Abel) 
AMXSY-MP 
(H.  Cohen) 
AMXSY-S 

(M.  Carroll) 

1  Dir,  HEL,  ATTN:  DRXHE-SPG 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the 
reports  it  publishes.  Your  comments/answers  to  the  items/questions  below  will 
aid  us  in  our  efforts. 

1.  BRL  Report  Number _  Date  of  Report 

2.  Date  Report  Received _ 


3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or 
other  area  of  interest  for  which  the  report  will  be  used.) 


4.  How  specifically,  is  the  report  being  used?  (Information  source,  design 
data,  procedure,  source  of  ideas,  etc.) _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far 
as  man-hours  or  dollars  saved,  operating  costs  avoided  or  efficiencies  achieved, 
etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future 
reports?  (Indicate  changes  to  organization,  technical  content,  format,  etc.) 


Name 


CURRENT 

ADDRESS 


Organization 

Address 


City,  State,  Zip 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the 
New  or  Correct  Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


OLD 

ADDRESS 


Name 


Organization 


Address 


City,  State,  Zip 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 


-  FOLD  HERE  - 


Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 
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BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  12062  WASHINGTON, PC 
POSTAGE  WILL  BE  PAID  BY  DEPARTMENT  OF  THE  ARMY 


Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  2100S-9989 


NO  POSTAGE 
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IF  MAILED 
IN  THE 

UNITED  STATES 


FOLD  HERE 


